The concept of sustainable development is of increasing importance for societies. Corporations play an essential role as relevant societal actors for the realization and implementation of sustainable development. Therefore it is necessary to assess the performance of corporations in the light of sustainable development. In this paper, basic methods and instruments for the assessment of corporate sustainability performance are compared. Sustainability assessments can be divided in two groups: the first group consists of methods based on monetary units, the second group consists of methods based on non-monetary units. The methods of sustainable value, composite sustainable development index and integrated sustainability assessment are discussed in detail and evaluated regarding the criteria applicability, contribution to basic goals of sustainable development, completeness and advantages / disadvantages. The methods are additionally used to assess the sustainability performance of BP and Royal Dutch/Shell Group.
Introduction
Assessing the sustainability performance of corporations is an important aspect within the transition of societies towards the principles of sustainable development. In this paper three methods are presented. Sustainable value is based on monetary units and assesses the value a company creates by using resources compared to a benchmark. Composite sustainable development index and integrated sustainability assessment are based on non-monetary units. These methods use different indicators for each dimension of Sustainable development and combine them either with value benefit analysis or Fuzzy Logic. Depending on the goals used for the benchmark relative and absolute contributions to sustainable development can be assessed.
The objective of sustainable development [1] is sustainability, which can be characterized by four principles. First, contribution to systematic increase in concentrations of substances from the earth's crust has to be eliminated. Second, contribution to systematic increases in concentrations of substances produced by society has to be eliminated. Third, contribution to the systematic physical degradation of nature through over-harvesting, introductions and other forms of modification has to be eliminated. Fourth, contribute as much as possible to the meeting of human needs in our society and worldwide, over and above all measures taken in meeting the first three objectives [2] .
Assessment of corporate sustainability
In this paper several methods for the assessment of corporate sustainability are compared. The chosen methods are either widely used in practise or highlighting important aspects of sustainability assessments of corporations.
Sustainable value added
The method of sustainable value added has been developed by Figge and Hahn [3] . It is based on opportunity costs and shows how much more value is created because a company is more efficient than a benchmark and because the resources are allocated to the company and not to benchmark companies. With this method the relative corporate contribution to sustainability can be measured in absolute monetary terms. It does not show -if the use of the resource by this entity is sustainable in absolute terms -but it indicates how much more sustainable (in monetary terms) the use of the resource is in comparison to other entities [3, p. 177] .
The sustainable value is calculated in five steps [4, pp. 18] .
How much of a resource does a company use?
The first step determines the amount of resources the company uses during the year including economic, environmental and social resource.
How much return does the company create with these resources?
In this step the return the company creates with these resources is measured. It can be measured with gross value added [4, p. 19 ], which represents a company's contribution to gross domestic product (GDP), or with net value added [5] . By dividing the gross value added with the amount of a resource used by the company the resource efficiency can be calculated. How much return would the benchmark create with these resources? This step determines how much return would be created, if the resources were used not by the company but by the benchmark. Each resource can be used only once. Therefore, we cannot benefit from both, the return the company creates and the return the benchmark would create. As the company uses the resources, the return the benchmark would create is foregone. The foregone return is equivalent to opportunity cost. Which resources are used in a value-creating way by the company and which are not? The return the company creates with each resource is compared with the return created by the benchmark. The return the company creates corresponds to its gross value added, the return of the benchmark are the opportunity costs. The value contribution is calculated by subtracting the opportunity costs of each resource from the gross value added. It shows how much more or less value a company creates with a resource compared to the benchmark.
How much sustainable value does the company create?
The sustainable value is calculated by dividing the sum of the value contributions by the number of resources considered. Simply summing up the value contributions would result in double counting as the bundle of used resources creates the value.
Composite sustainable development index
This method was presented by Krajnc and Glavic 2005 [6, 7] . It is based on nonmonetary units. The model reduces the number of indicators by aggregating them into a composite sustainable development index (I CSD ; 0 ≤ I CSD ≤ 1). The index consists of an economic sub-index (I S,1 ), an environmental sub-index (I S,2 ) and a social sub-index (I S,3 ). The sub-indices are built of normalized indicators.
The procedure of calculating the Index is divided into several parts [7, 8] . Selection, grouping and judging the indicators First, proper performance indicators are selected covering different aspects of sustainability. Then the indicators are grouped to the three dimensions of Sustainable development. Economic group of indicators concerns the impacts of the company on the economic well being of its stakeholders and on economic systems. Environmental group of indicators cover impacts of the company on the ecosphere. Societal group of indicators reflects the impact of the company on its stakeholders and the society. Additionally it is regarded whether an increased value of an indicator has a positive or negative impact on sustainability performance. For example, increased value of air emissions per unit of production has a negative impact; this indicator is of type "less is better". Weighting Pair-wise comparison technique is used to derive relative weights of each indicator. This method is based on the Analytic Hierarchy Process (AHP) [8] . Normalizing Indicators used for the composite sustainable development index are expressed in different units. Therefore they have to be normalized. Krajnc and Glavic suggest two methods for normalization [6] : First possibility is to divide the value in time of an indicator with its target value determined by realistic assessment of unexploited potentials for the company. The second possibility is to normalize the indicator dividing the difference between actual and minimum level with the difference between maximum and minimum level of this indicator (for indicators of type "more is better") respectively to subtract the result of this division from 1 for indicators of the type "less is better" (see Figure 1) .
Calculating sub-indices and combining to composite sustainable development index
The sub-indices are calculated by multiplying each indicator value with its weight and summing up all multiplications (value benefit analysis). Accordingly, the composite index is calculated by multiplying each sub-index with its weight and summing up the three results for the sub-indices.
Integrated sustainability assessment
Baumgartner introduced integrated sustainability assessment for the assessment of products, services and technologies [9, 10] . This method can also be used for assessing the sustainability performance of a company. The central element is the combined assessment -based on fuzzy logic [11] -of the environmental, economic and social dimension of Sustainable development. Fuzzy logic enables specific weighting of social, economic and ecological aspects and translates blurred input signals into stable global results. Fuzzy logic can combine indicators that are measured in different units. The structure of a fuzzy-based scoring model consists of the steps defining logical composition rules, fuzzification, inference and defuzzification [10, 12, p. 69] .
Defining logical composition rules
The logical composition rules are defined as If-then-conclusions. The rules consist of a condition and a consequence part. An example of a rule could be as follows: "If the improvement of the environmental performance is small and the creation of value is strongly worsened then the total evaluation is worse."
In the condition section several premises (here "environmental performance" and "creation of value") can be combined with the help of logical relations. Premises and consequences are linguistic variables, the terms (values) of the variables are words or sentences. Eeach term is defined by an appropriate membership function µ (0 ≤ µ ≤ 1), which can have triangular, trapezoidal or bell-type shapes [13, pp. 44] ). In our case, triangular membership functions are used. Fuzzification The membership functions of the terms of the linguistic variable have to be determined, which is called fuzzification. Inference In this step conclusions from the premises to the consequences have to be made. For instance a rule is defined as followed: "If the improvement of the environmental performance is small and the creation of value is strongly worsened then the total evaluation is worse". The membership function for environmental performance (small) is µ = 0.3 and for value creation (strongly worsened) is µ = 0.7, the inference defines the membership function for total evaluation (unacceptable). The results depend on the logical operator used in the condition part. Basis operators are "and", which represents a minimum operator, and "or", which is a maximum operator. In our example, "and" is used, therefore the conclusion is defined with µ = 0. Table 1 ).
Composite sustainable development index
This example was published by Krajnc and Glavic 2005 [7] . It shows the application of the Composite Sustainable development Index on Royal Dutch/Shell and BP group. Table 2 and 3 present the results. In this example the social and the economic dimension are assessed, too.
Also in this case, BP is performing better than Shell. BP performs in the economic and environmental dimension better than Shell, which shows a better performance in the social dimension.
Integrated sustainability assessment
For this example, data from Krajnc and Glavic [7] and the advance project [4] are used. The assessment is relative, this means that Shell group is assessed relative to BP group. The criteria CO 2 , NO x , CH 4 , SO 2 and hazardous wastes are used for the environmental dimension, cash flow is used for the economic dimension and fraction of societal and community investment in gross profit and recordable injury frequency for employees and contractors (all values see table 2) are used for the social dimension. Each criterion is defined as linguistic variable with the linguistic terms "better", "identical" and "worse" on a scale from 0 to 100 points; triangulare membership functions are used. Each criterion is assessed relative, this means that the ratio from the values for Shell against BP is calculated. This ratio is normalized and used as input for the linguistic variables. 100 points corresponds to an increase of 50% of positive indicators (like cash flow) respectively to a decrease of 50% of negative indicators (like emissions).
The assessment consists of the steps defining indicators, calculation of ratio Shell/BP and normalization, environmental assessment (including rules), social assessment (including rules), economic assessment and integrated assessment. Because there is more than one indicator for the environmental and social dimension, they have to be combined to an environmental and a social assessment. The results are expressed as linguistic variables environmental assessment and social assessment with the terms "better", "identical" and "worse" on a scale from 0 to 100 points with triangulare membership functions. Table 2 :
Indicators and weights [7] . 
For the environmental assessment the indicators are transformed to linguistic variables. Figure 1 shows this for the criterion CO 2 emissions: The normalized input value is 25 (ratio BP to Shell is 1.25); this means that the terms "worse" and "better" are relevant. All linguistic variables are combined with 243 rules (5 variables with 3 terms); these rules define the assessment and reflect the preferences of the assessor. and waste is "better", than environmental assessment is "identical". The assessment results in a defuzzified value of 33 (see Figure 1) . The indicators of the social dimension fraction of societal and community investment in gross profit with an normalized value of 64 and recordable injury frequency for employees and contractors with an normalized value of 75 are combined with 9 rules to the social assessment. The defuzzified value for the social assessment is 75.
For the general assessment, the social, environmental and economic assessments are combined with 27 rules. The economic dimension is measured with the indicator cash flow; the normalized value of cash flow is 60. The assessment results after defuzzification in 30 points on a scale from 0 to 100 points (see Figure 2) . This means that Shell is performing worse compared to BP Group. The performance of Shell in the economic and social dimension is better, but in the environmental dimension worse where Shell has higher emissions of CO 2 , SO 2 and waste.
Conclusion
In this paper methods for the assessment of corporate sustainability assessment are described and compared. All presented methods are practicable in the sense that they are able to assess corporate contributions to Sustainable development. The methods are either based on monetary or on non-monetary units. Sustainable value can assess relative contributions to sustainable development; the other methods can assess also absolute contributions to Sustainable development if absolute sustainability goals are used as benchmark. The results of the example Shell and BP shows that all methods assess the performance of BP group better than the performance of Royal Dutch/Shell.
